Bioenergy is necessary to meet future world-wide energy demands while helping to offset the global impacts of increased carbon dioxide from traditional fossil fuels. Options for producing bioenergy without adversely impacting food, water, and other environmental resources include using woody biomass as feedstock. Key issues include soil, water quality and loss of biodiversity as collecting smalldiameter woody biomass may alter post-timber harvesting landscapes. Little is known about how land use changes impact the entire ecological function of the watershed. This project explored using changes in microbial soil populations as a function of woody biomass removal treatment scenarios to determine potential changes in long-term water export and nutrient ecology. This will help us understand the impacts of biomass removal in the production of jet fuel and be the start of holistic river basin management strategies focused on hydrologic implications of the entire food web.
Introduction
Linkages between land use changes and runoff, erosion, and sedimentation processes in river basins are known to exist but little is known about how land use changes impact the entire ecological function of the watershed [1, 2] . A potentially significant source of land use change in watersheds involves the production of bioenergy. Sustainable bioenergy production is necessary to meet future worldwide energy demands while helping to offset the global impacts of increased carbon dioxide from fossil fuels [3] [4] [5] [6] . However, major concerns have been raised regarding the sustainability of energy crops due to environmental, watershed, and social issues [7, 8] . The overarching goal of this study is to investigate the use of microbial population differences as indicators of potential watershed impacts of land use change due to residual ground cover (biomass) removal in the production of biofuel in the Pacific Northwest. This unique process would holistically examine potential long-term changes to watershed function in terms of ecosystem management as measured by changes in the food web indicated by early changes in microbial soil populations.
Background
One option for producing bioenergy minimizing adverse impacts to watershed functions and food production is using surplus forestry materials (woody biomass [5, 9] ). Key issues among stakeholders include impacts to soil and water quality, loss of watershed biodiversity, and climate implications. As part of NARA (Northwest Advanced Renewables Alliance), a broad alliance of private industry and educational institutions, this study focuses on the developing a novel early warning system using changes in microbial communities as an indicator of potential hydrologic/environmental concerns.
A trademark of most soil microbial communities is genetic diversity. For example, bacteria alone account for several thousand distinct genomes in a single gram of soil [10] . A study at Weyerhaeuser's Long-Term Soil Productivity (LTSP) sites indicated that severe soil compaction had no effect on community size or activity at subtropical or Mediterranean type sites and bacterial community structure and carbon utilization were similar between the reference stand and LTSP plantation. These results suggested land use changes as a result of forest harvesting did not have much impact on bacteria which agrees with several studies those found that clear-cutting either increases or has no effect on bacterial size and function [11, 12] .
The objectives of this study was to collect and examine microbial communities at the test plots to find out the effect of removing biomass from the field in microbial level specifically if there is any significant change in bacterial community structure indicating potential long-term implications to nutrient dynamics. Based on this objective our null hypothesis is that there will be no changes in microbial community and our alternative hypothesis is that changes in soil moisture as a result of biomass removal may impact microbial community.
Methodology
As part of Weyerhaeuser's effort to manage its more than six million acres of forested timberland in the US, it continues to conduct, evaluate, and support research associated with the North American LTSP program [13] . A new LTSP site near Springfield, OR was created to help support the Northwest Advanced Renewables Alliance project. A total of 28 one-acre plots were selected to aid in this investigation and round out an existing regional study, extending into warmer and drier parts of the Douglas-fir ranges. The treatment plots were laid out such that any plot could feasibly receive any treatment randomly assigned to it. As illustrated in Figure 1 , all study plots were laid in on a 9° azimuth to match site topography and simplify plot installation. These plots were not an individual subbasins for hydrologic analysis but rather part of a larger interconnected network. The study site is between 2000 and 2150 feet in elevation on gentle slopes of 2 to 20%. The soil is mainly silty clay loam with some percentage of cobbly loam consists of three hydrologic soil category C, B and D with an average of 35% sand, 50% silt and 15% clay.
Seven different treatment combinations were applied to the study plots; 4 plots of each treatment. Soil samples were collected in May 2014 from LTSP plots to perform DNA extraction test in the laboratory. Nine samples were collected from each plot. The samples were taken at a depth of 0-20 cm using a hand shovel. Rubber gloves were used at the time of collecting soil samples and the shovel was always cleaned properly after taking samples from every location. The soil samples were kept in 8-ounce, air tight jars and were preserved in coolers at a temperature of less than 4°C to keep the microbial community safe. Dry ice was used to maintain the temperature of the coolers. A total of 252 samples from the LTSP plots and four samples from an unharvested plot were collected for subsequent DNA Extraction testing in the laboratory. Different methods have been published for extracting DNA from soil [14] [15] [16] [17] with a variety of procedures which are laborious, time-consuming and not suited for processing large numbers of samples [18] . Among the commercial DNA extraction kits, the highest A260/A230 ratios as well as the cleanest DNA, was provided by the Power Max or Power Soil kits depending on the soil but the higher yield of the Power Soil isolation kit than the Power Max kit makes the previous one a better choice in terms of providing the greatest amount of high-quality DNA [19] . MO Bio's Power Soil DNA isolation kit was used in the laboratory to extract DNA from the collected soil samples. Four DNA extraction test for each soil sample i.e. 144 for each treatment and 16 for the control one, concluding a total of 1024 test has been performed. MO BIO has developed a standard protocol to extract DNA from any soil using this kit which has been followed in this analysis. According to the protocol 0.25g soil was taken from each 8-ounces jar of soil samples and then six different solutions were used in different stages of the experiment. After isolating the DNA following the above protocol, a Nano Drop 2000c Spectrophotometer was used to measure the concentration of DNA. Before using the Nano drop meter it was cleaned by using sterile DNA-free PCR Grade water. A blank test was also run to make sure that there was no DNA. After running the blank test a drop of 2µl was put on the tiny small hole of the spectrophotometer. Then the lid of the meter was put down. A software has already been installed in the connecting computer named Nano drop software which calculated the concentration of DNA in ng/µl.
Forty samples out of 1024 DNA samples, 5 from each treatment including the control one has been selected for the finger printing analysis, in such a way so that those can be considered as the representative sample for each treatment. Community fingerprinting is used to profile the diversity of microbial community. These techniques show how many variants of a gene are present instead of counting individual cells in a sample. Though community fingerprinting presents an overall picture of a microbial community instead of identification of individual microbe species but still it is used to measure biodiversity or track changes in community structure. DNA fingerprinting allows the rapid assessment of the genetic structure of complex communities in diverse environments [20] and of the extent of changes caused by environmental disturbances [21, 22] . There are different types of fingerprinting technique among which the two most common techniques are i) T-RFLP (Terminal restriction fragment length polymorphism) and ii) ARISA (Automated ribosomal intergenic spacer analysis).
ARSIA samples were prepared from this PCR samples by following the protocol given below: 25µl of filtered sterilized DI (nuclease-free) water was added to each 20 µl of PCR product. Then 10.0µL formamide (thawed from -20°C) was dispensed into the 96 well plate. 1.0µL of diluted PCR product was then added to the formamide dispensed into the well plates. After sealing with adhesive film and wrapping in aluminum foil, the plate was submitted to the genomic core facilities lab for running ARISA. Internal standard dye (ROX) was added to the samples by core facilities lab.
Results and discussion
MO Bio's Power Soil DNA isolation kit was used in the laboratory to extract DNA from the collected soil samples. Results of the DNA extraction tests are summarized in Table 1 . The average DNA concentrations (ng/µl) are different for different plots; even for those undergoing the same treatment process. For example, plot #14 and plot #18 both have the same treatment of "No Compaction -Bole Only" but the average DNA concentration is 51.84 ng/µl and 12.08 ng/µl, respectively whereas considering plot #19 and plot #9 it has been found that the average DNA concentrations are 37.14 ng/µl and 37.85 ng/µl (although the treatment processes are different). We only recently completed the laboratory analysis so while the reason(s) behind this is not clear, we are still trying to find explanations by looking at soil types and variability. Four samples were taken from an unharvested control site where the average DNA concentrations is 15.44 ng/µl. Two sample t-tests hypothesis testing has been performed to analyze the DNA extraction results and also to find out is there any correlation between the variation of DNA concentration and different treatments. Further analysis of the results of hypothesis testing will be done for more understanding.
A total of forty DNA samples, five from each treatment including the control one (unharvested site), have been analyzed using community fingerprinting analysis to find the diversity of microbial populations especially in the bacterial level. The analyses were completed to understand if there is any relation between the treatments and the diversity of microbial population. There are different methods for community fingerprinting out of which Automated Ribosomal Intergenic Spacer Analysis (ARISA) method will be followed in this case. Figures  3 and 4 graphically represent examples of the results for two different land disturbances (treatment types). Each spike in the figure above a background level represents a different potential microbial community. The probability of the signal representing a community increases with the size of the spike (y-axis). Even in samples of the same treatment there are some obvious variations although patterns and trends do exist.
Statistical analysis of the data indicated only a few instances where significant (α = 0.10) differences between treatments were observed. In these instances it was determined that there were fairly large Type II errors involved (accepting the null hypothesis when it is wrong). 
Conclusions and recommendations
Nine soil samples were collected from each of the 28 one acre sites and four DNA extraction test were performed for each sample for a total of 1008 data points. The average DNA concentration (ng/µl) per plot were developed based on the result of 36 DNA extraction tests for that plot. Analysis of average DNA concentrations did not show any statistically significant trends which would indicate that microbial variation due to different treatment processes is minimal and apparently nullify the hypothesis. This indicates that small diameter waste branches and other woody debris can be harvested without significant detrimental impact to the long-term flux of water and nutrients.
There is still a lot more work to do before this technique becomes a widely used method for understanding and managing land use in forested watersheds but this initial step is very promising. More analysis of the DNA extraction test data are required linked to water and nutrient fluxes. The ARISA results group different samples and representative DNA from each group will be further cloned and sequenced. We still need to use high throughput amplicon sequencing to exactly know the type of bacterial community in different treatment plots. This will allow us to answer the broad question "whether the indigenous community residing in soil change as a result of different treatment" More specifically, we will look for changes in bacteria responsible for nitrogen and phosphorus cycling-two nutrients of concern in any surface water quality efforts. In the end it will take a community effort to advance this important measure of watershed assimilation capacity.
